Introduction
Understanding ''order and variability'' in GABAergic circuits and interneuron function in the cerebral cortex represents one of the most provocative challenges in contemporary neuroscience (Soltesz, 2005) . Although most agree that division of labor is the major reason for their fascinating diversity, still, the tremendous variation in their molecular, anatomical, and physiological features makes a functional classification extremely difficult. The most difficult task is to pick the features that should be used to generate order in the scheme versus those that only introduce the necessary variability. The essential branching pattern of the classification scheme published by Freund and Buzsaki (Freund and Buzsaki, 1996) based on a morphofunctional and electrophysiological analysis-still holds, but the field is exponentially expanding. Currently, at least 16 distinct types have been defined in the hippocampus (Somogyi and Klausberger, 2005) , and the addition of novel varieties to the list is continuously being proposed (see for example Jinno et al., 2007) .
GABAergic synapses cover almost the entire membrane surface of pyramidal neurons, from the tips of their thinnest dendritic shafts to the axon initial segments. These synapses on different domains of pyramidal cell membrane are supplied by distinct interneuron types, which subserve specific functional roles in the regulation of principal cell activity and plasticity (Miles et al., 1996) . Addition of the temporal dimension to interneuron classification allowed a more precise definition of the functional ''niche'' of certain types and shed light on the diverse regulatory mechanisms that they provide to behaviordependent network activity patterns during specific time windows (Somogyi and Klausberger, 2005) . Although our understanding of this diversity is still far from being complete, a major dichotomy in the inhibitory control of pyramidal cells has already been established. Interneurons that innervate pyramidal cell dendrites are responsible for the control of the efficacy and plasticity of glutamatergic inputs from specific sources that terminate in the same dendritic domain. On the other hand, interneurons targeting the perisomatic region control the output, most notably the synchrony of action potentials of large principal cell populations (Cobb et al., 1995; Miles et al., 1996) .
While acknowledging the equal functional importance of dendritic inhibition, the present review will focus on the so-called basket cells, which mediate perisomatic inhibition in all areas of the cerebral cortex with a varying proportion of their boutons terminating in the perisomatic region (ranging from 25%-30% in neocortex up to 70%-80% in the case of some hippocampal basket cells). We define the perisomatic region of pyramidal cells as a domain of plasma membrane, which receives almost exclusively GABAergic synapses, and includes the cell body, the axon initial segment, and the proximal apical and basal dendrites up to a distance of 100 mm (Megias et al., 2001; Papp et al., 2001) . These dendritic segments contain only very few spines and receive hardly any excitatory synapses. Due to these similarities, as well as to the negligible electrotonic distance, they are often called somaequivalent dendrites. Basket cells are defined in the present review as GABAergic interneurons, which form a large proportion of their symmetric synapses on the cell bodies and somaequivalent dendrites of principal cells. A convergence of several basket cell axons onto single pyramidal cells results in complex arrays of boutons around somata with the appearance of a basket. As it is often difficult to establish unequivocally at the electron microscopic level whether a postsynaptic dendrite belongs to the proximal spine-free zone or to a more distal segment, a precise quantitative definition does not exist for basket cells at the moment (but see Halasy et al., 1996; Klausberger et al., 2005; Somogyi et al., 1998) .
The axon initial segments receive synaptic inputs selectively from another specialized GABAergic interneuron type, the axo-axonic or chandelier cells (Somogyi, 1977) . This cell type has recently received considerable attention as a result of a discovery that GABAergic inputs targeting the axon initial segment have a depolarized reversal potential compared to those innervating the somatic domain due to higher intracellular chloride concentrations; therefore, axo-axonic cells may discharge rather than inhibit their postsynaptic pyramidal cells (Szabadics et al., 2006) . This finding may assign a unique function to axo-axonic cells that is still to be clarified. Nevertheless, it clearly separates them from conventional basket cells in spite of similarities in firing pattern and parvalbumin content; therefore, the present review excludes this cell type (for further reading see Howard et al., 2005) .
Two Baskets Carrying Different Fruits
The two major perisomatic inhibitory interneuron types of the cerebral cortex-the parvalbumin (PV)-and the cholecystokinin (CCK)-containing basket cells-represent outstanding examples of how GABAergic interneurons may have evolved to subserve specific tasks in the generation of behavior-dependent electrical activity patterns and how their malfunctioning may lead to complex neurological and psychiatric disorders. The functional dichotomy of these two basket cell types is associated with characteristically different connectivity and expression patterns for receptors, transmitters, and modulators (Freund, 2003) . Several lines of research support the hypothesis that the PV-containing basket cells operate as clockworks for cortical network oscillations, whereas CCK-containing interneurons function as a plastic fine-tuning device. The latter cells modulate synchronous ensemble activities as a function of subcortical inputs that carry information about motivation, emotions, and the autonomic state of the animal (the ''inner world''; Buzsaki, 1996) , whereas the former have only a few receptor types for subcortical modulatory signals, but are efficiently and faithfully driven by local principal cells, as expected from an ''oscillator'' (Freund, 2003) . Consequently, a collapse of the PV cell system is expected to result in a serious impairment of all cortical functions, whereas malfunctioning of the finetuning device may lead to mood disorders, most notably to anxiety. Support of this reasoning is given by the fact that many features of CCK cells that distinguish them from PV cells are strongly implicated in anxiogenesis (Freund, 2003) . For example, CCK (but not PV) cells receive input from serotonergic fibers via 5-HT 3 receptors and express nicotinic a7 and a4 receptors postsynaptically, as well as CB 1 cannabinoid receptors presynaptically. CCK (but not PV) basket cells influence their target pyramidal cells by GABA acting via GABA A receptors enriched in a2 subunits that are known to mediate the anxiolytic effects of benzodiazepines, and they also release CCK, which has anxiogenic effects via CCK 2 receptors ( Figure 1A ). Recent studies are in agreement with predictions of this hypothesis and shed new light on the possible functions of these two cell types, both in hippocampal and neocortical networks. The present review aims to summarize these characteristics from the point of a differential presynaptic control of GABA release from, and afferent input to, CCK-and PV-positive basket cells and will discuss their causal relationship to the specific functional roles these neurons may have to fulfill.
The Clockwork Has to Tick Precisely
Temporal precision in firing is dependent largely on the precision of input transduction. In the hippocampus, both cell types have dendritic trees that span all layers; therefore, electrical stimulation in any layer evokes excitatory postsynaptic currents in both CCK and PV basket cells (Glickfeld and Scanziani, 2006) . However, according to electron microscopic reconstructions, PV cells (the clockwork) receive three times more asymmetrical, presumed local glutamatergic inputs than CCK cells (Gulyá s et al., 1999; Má tyá s et al., 2004) , and the peak amplitude of excitatory postsynaptic currents (EPSCs) is 7.5 times larger in PV cells compared to CCK cells. Remarkably, these large-amplitude synaptic events exhibit precisely timed submillisecond AMPA receptormediated conductance changes on fast-spiking (presumably PV-positive) basket cells, but show only a small NMDA receptor-mediated component (Geiger et al., 1997) in accordance with the low expression level of NMDA receptors at these synapses (Nyiri et al., 2003) . Further differences between the two basket cell types exist in the short-term synaptic plasticity properties of their glutamatergic inputs, as EPSCs received by CCKpositive cells express more robust short-term depression (Glickfeld and Scanziani, 2006) , which may also contribute to their weaker and transient recruitment upon repetitive stimulation. Due to their short membrane time constants, PV cells are able to faithfully follow high-frequency repetitive stimulation, whereas long time constants allow CCK cells to integrate over much greater time windows (Glickfeld and Scanziani, 2006) . The CCK cells do need this property, because they represent the major targets of subcortical afferent fibers (Ferezou et al., 2002; Freedman et al., 1993; Freund et al., 1990; Morales and Bloom, 1997; Porter et al., 1999) that are often slow-conducting, unmyelinated, and activate their targets with a considerable jitter (Jacobs and Azmitia, 1992) . In addition, CCK cells are uniquely suited to integrate feed-forward and recurrent excitation from hippocampal principal cells: while both PV and CCK cells are wired into both feed-forward and feed-back circuits, only PV cells contribute to Schaffer collateral stimulation-evoked fast disynaptic IPSCs in CA1, probably because this input alone is insufficient to discharge the CCK cells, at least in vitro (they have much less numerous glutamatergic inputs, and even those are weaker, see above). However, if Schaffer collateral stimulation is strong enough to discharge CA1 pyramidal neurons (that provide feed-back input to CA1 interneurons), the fast IPSC is followed by a later component mediated by interneurons integrating feed-forward with feed-back drive. This late component is largely mediated by the CCK cells (Figure 1 ), which are able to integrate over broad time windows due to their long membrane time constants (Glickfeld and Scanziani, 2006) .
Both in vivo and in vitro studies in the hippocampal CA3 region demonstrate that perisomatic inhibitory cells serve as active current generators in pyramidal neurons during gamma oscillations (Csicsvá ri et al., 2003; Mann et al., 2005) and follow pyramidal cell discharges by a monosynaptic delay in an in vitro model (Há jos et al., 2004) as well as in vivo. Thus, an intact glutamatergic input to one of the basket cell types, or to both, is indispensable for population synchrony at gamma frequency under those conditions. Selective knockout of the predominant AMPA receptor subunit, GluRA, from PV cells (or in an alternative mouse model, knockout of the GluRD subunit, which is largely restricted to the PV-positive cell population) was shown to reduce their phasic excitatory drive (Fuchs et al., 2007) . As a consequence, PV-positive interneurons exhibited reduced spiking activity, the temporal precision of these spikes was disrupted, and most importantly, the power of gamma oscillations was profoundly decreased. These findings support the hypothesis that AMPA receptor-mediated feed-back excitation of PV-containing basket cells by the recurrent collaterals of CA3 pyramidal cells is necessary for gamma oscillations. Importantly, a similar scenario also exists in the neocortex, where the firing of fast-spiking cells precisely follows the presynaptic pyramidal cell activity pattern due to the fast kinetics of postsynaptic conductances (Galarreta and Hestrin, 2001 ). This feature then enables local networks of PV-positive fast-spiking cells to detect coincident excitatory activity and to enter into coherent oscillation in the gamma frequency range through the synergistic activity of their proximally targeted chemical and electrical synapses (Tamas et al., 2000) .
Region-specific differences in the precise timing of PVpositive basket cell firing has been uncovered recently in the dentate gyrus (Vida et al., 2006) . The reversal potential of GABA A receptor-mediated inhibition in PV-positive basket cells is shifted to more depolarized values relative to the resting potential, and the resulting shunting inhibition supports network oscillations in the gamma frequency range by homogenizing interneuronal firing rates. However, this is unlikely to be a characteristic feature of PV cells in the CA1-3 regions if KCC2 or NKCC expression correlates with GABA A reversal potential, as, for example, PV-positive basket cells express high levels of KCC2 in these subfields, but not in the dentate gyrus (Gulyá s et al., 2001 ). On the other hand, there is evidence that CA3 interneurons receive shunting inhibition throughout development (Banke and McBain, 2006) , although those interneurons were located in stratum lucidum and are unlikely to include PV-containing basket cells. This implies that PV basket cells may have more hyperpolarized reversal potential for GABA A receptor-mediated IPSPs in the CA3 region, where gamma oscillations are typically generated. Thus, distinct region-specific mechanisms-such as feed-back excitation and/or shunting GABAergic inhibition-may underlie the precise timing of PV-positive basket cell activity during fast rhythmic population synchrony.
Whether recruitment of PV-positive basket cells by the phasic excitatory drive is a necessary and sufficient condition for the generation of these oscillatory patterns or CCK basket cells are also required is still an open question. In the CA1 region, only an integrated action of a feed-forward and feed-back drive can activate CCK cells, which means that they may be recruited only as (C) On the other hand, due to their longer time constant, CCK cells have a unique ability to summate feed-forward and feed-back inputs, and will fire only when local pyramidal cells are also activated (Glickfeld and Scanziani, 2006) . The red halo around axon terminals indicates activation and transmitter release from the boutons, whereas action potential discharge in cell bodies is signified by translucent stars. (Artwork by Dr. Gá bor Nyíri.) late as 3 ms after the feed-forward activation of PV cells (Glickfeld and Scanziani, 2006) . Thus, if the driving glutamatergic stimulus is indeed arriving from CA3 Schaffer collaterals, participation of CCK cells would interfere with gamma frequency synchrony in CA1, because they would inhibit pyramidal cells out of phase with PV cells. On the other hand, in the CA3 region, which can produce gamma oscillation even if completely isolated, all interneurons in the minislice are driven exclusively in a feed-back manner by recurrent collaterals of local pyramidal cells (Fisahn et al., 1998) , thereby generating coherent rhythmic synchrony. CCK cells can be recruited only transiently by repetitive stimulation (Glickfeld and Scanziani, 2006) ; thus, even if entrained by the EPSC barrage at gamma frequency, their involvement is likely limited to the first couple of gamma cycles. This may also explain why CCK basket cells are only modestly, phase-dependently tuned to gamma oscillations in vivo (Tukker et al., 2007;  see below for further details). Activation of CB 1 cannabinoid receptors, which are present on CCK-positive but not on PV-containing axons, remarkably reduces the power of gamma oscillations (Há jos et al., 2000) . However, according to recent evidence, this may be due, at least in part, to a presynaptic inhibition of glutamate release from CA3 pyramidal cell collaterals, which also express low levels of CB 1 receptors (Katona et al., 2006; Kawamura et al., 2006; Monory et al., 2006; Robbe et al., 2006) .
The temporal precision of the clockwork may be further enhanced by the tight coupling of P/Q-type Ca 2+ channels
and Ca 2+ sensors expressed in the PV basket terminals (Hefft and Jonas, 2005) , which may also explain the lack of facilitation or potentiation (Kraushaar and Jonas, 2000) required for a clockwork function. In contrast, axon terminals of CCK cells express N-type Ca 2+ channels, which are loosely coupled to the Ca 2+ sensor (Hefft and Jonas, 2005) and thus do not allow a precise following of fast signals, but rather favor integration. The large jitter in latency distribution uncovered that GABA release from the CCK-positive basket terminals is largely asynchronous, similar to previous observations in the CA1 region (Maccaferri et al., 2000) , whereas PV-positive basket cells release GABA in a more synchronized manner (Hefft and Jonas, 2005) . The fluctuating GABA release from CCK-positive basket cells and the resulting long-lasting inhibition (Glickfeld and Scanziani, 2006) can also be explained by the unexpected finding of multiple release sites within single active zones of synaptic contacts formed by CCK-positive basket cells. Combining paired recordings and post hoc electron microscopic reconstruction of CCK-positive axon terminals, Biró and colleagues revealed that the electrophysiologically determined number of functional release sites is 5-fold larger than the number of morphologically identified active zones (Biró et al., 2006) .
Distinct Presynaptic Modulation of the Two Basket Cell Types
In addition to the uniquely imprecise release machinery and the ability to integrate feed-forward with feed-back drives from pyramidal cells, as well as with subcortical modulatory inputs, CCK cells are distinguished from their PV-containing counterparts by their selective expression of presynaptic receptors (Figure 2) . The most profound difference has been observed in the distribution of CB 1 cannabinoid receptors, which densely cover CCK-positive axon terminals but are completely absent from PV cells and most other interneurons. These receptors mediate not only the psychoactive effects of the biologically active compound of marijuana (D 9 -THC), but also predispose these cells to a retrograde, endocannabinoid-mediated modulation of transmitter release dependent on target cell activity, a phenomenon termed depolarization-induced suppression of inhibition, or DSI Wilson and Nicoll, 2002) . The presence of CB 1 receptors on CCK basket terminals endows these inhibitory connections also with several additional forms of short-and long-term synaptic plasticity. According to recent evidence, a tonic synthesis and release of the major endocannabinoid, 2-arachidonoylglycerol (2-AG; Hashimotodani et al. (Losonczy et al., 2004) . The degree of tonic muting is dependent on the firing frequency of the CCK cell itself (Foldy et al., 2006) , as depolarization and/or Ca 2+ accumulation in presynaptic terminals (that occurs, for example, over a 20 Hz firing rate) may releave N-type channels from G protein-mediated inhibition. In addition to this phenomenon of homosynaptic depression , Ca 2+ transients that follow tetanic stimulation may also contribute to various other forms of endocannabinoid-mediated synaptic plasticity, e.g., heterosynaptic iLTD, a lasting suppression of inhibition (Chevaleyre and Castillo, 2003) . This phenomenon requires CB 1 receptor activation for induction and is brought about by high-frequency stimulation of glutamatergic fibers or a prolonged stimulation of group I mGluRs on pyramidal cells. Downstream of CB 1 activation, the trigger of cAMP/PKA signaling and persistent modification of RIM1a is required for maintenance of the iLTD phenomenon (Chevaleyre et al., 2007) . It is noteworthy that the above two forms of plasticity coexist within the same axon terminals of CCK basket cells and require the same core molecular participant, the CB 1 cannabinoid receptor, for induction. However, they utilize different signaling pathways for expression, thereby ensuring distinct timing properties. One potential explanation may reside in the double peak in the subcellular distribution of CB 1 receptors along the axon terminal membrane (Nyiri et al., 2005) , i.e., those receptors that accumulate perisynaptically are in a position to receive 2-AG from a homosynaptic source and regulate N-type calcium channels, whereas those receptors that cover the preterminal segments could receive their ligands from neighboring excitatory synapses and activate the long-term cAMP/ PKA pathway. Finally, a permanently altered (enhanced) CB 1 -mediated supression of IPSCs has been observed also in a seizure model (Chen et al., 2003) . This phenomenon takes place following stimulation of excitatory afferents and requires a CB 1 and AMPA/kainate receptordependent pathway (Chen et al., 2007) .
Recent experiments in our laboratory demonstrated that endocannabinoids may cooperate with nitric oxide in intercellular communication in a cell type-specific manner. We provided evidence for the presence of the molecular machinery required for an NO-mediated retrograde control of GABA release at the synapses of both CCK and PV basket cells (Szabadits et al., 2007) . Neuronal NO synthase (nNOS) was found postsynaptically in pyramidal cell bodies within the GABAergic synaptic active zones; they were accompanied by the presynaptic presence of the NO receptor, NO-sensitive guanylyl cyclase (NO-sGC), while NO donors were found to elevate immunoreactive cGMP levels in CCK basket terminals (Makara et al., 2007) . On the other hand, CB 1 -dependent DSI of cholinergically enhanced spontaneous or evoked IPSCs has been blocked by inhibitors of NOS or NO-sGC, as well as by NO scavengers, while a cGMP analog reduced IPSC charge transfer and occluded DSI. These data suggest that NO and endocannabinoids may cooperate under some circumstances to modulate GABA release from CCK basket terminals (Makara et al., 2007) , whereas NO might do it alone for the PV-containing interneurons (Szabadits et al., 2007) .
Another metabotropic receptor on GABAergic axons, using the same G protein as CB 1 , is the GABA B receptor. In spite of the anatomical demonstration of GABA B receptor expression by CCK-but not by PV-containing cells (Sloviter et al., 1999) , the selectivity at the level of axon terminals and autoreceptor-mediated inhibition of GABA release is still uncertain (Lambert and Wilson, 1993) . Nevertheless, recent evidence suggests that CB 1 and GABA B act on the same set of CCK-positive axon terminals and influence N-type Ca 2+ channels by the same G proteins in a similar Ca 2+ -sensitive manner ).
An interesting novel finding in relation to the differential presynaptic control of the two basket cell types came from a rather unexpected direction. The expression of estrogen a receptor has been demonstrated in perisomatic CCKcontaining, but not in PV-positive, boutons. Subcellular localization revealed that the receptor was associated with synaptic vesicle clusters, where estrogen appears to decrease the number of docked vesicles, thereby reducing GABA release (Hart et al., 2007) . Thus, yet another messenger reporting about the autonomic state of the animal-that accompanies motivation and emotions as parts of our inner world-finds a selective access to the CCK-containing basket cells and influences the finetuning rather than the clockwork of cortical oscillations. It is not surprising then that estrogen receptor a has been implicated in anxiety (Comings et al., 1999; Tiemeier et al., 2005) , similar to most of the other receptors modulating CCK but not PV cell activity (Freund, 2003) .
Although operating as clockworks, the PV-containing basket cells are not entirely without presynaptic modulation. Both M 2 muscarinic (Fukudome et al., 2004; Há jos et al., 1998) and m opioid receptors (Drake and Milner, 2002; Neu et al., 2007) are expressed in PV-but only occasionally in CCK-containing basket cells , at least in the hippocampus. Activation of these A plethora of distinct molecular, morphological, and physiological features distinguish the boutons formed by the two GABAergic basket cell types on cell bodies of cortical pyramidal neurons. Action potentials with a nonaccomodating firing pattern arrive from the cell body of fast-spiking parvalbumin (PV)-positive interneurons to the terminals, where they open Ca v 2.1 (P/Q-type) calcium channels. These channels are concentrated at the active zone to ensure precisely timed univesicular release. In contrast, action potentials with an accomodating firing pattern arrive from the soma of regular-spiking cholecystokinin (CCK)-positive interneurons to their terminals, where they exclusively open Ca v 2.2 (N-type) calcium channels. These channels are distributed throughout the bouton, but not at the active zones, resulting in loose coupling between the Ca 2+ source and the Ca 2+ sensor of exocytosis. Furthermore, these axon terminals have several active zones that allow multivesicular release in an asynchronous manner. The two axon terminal types differ also with regard to presynaptic regulation, as PV-positive axon terminals have receptors for acetylcholine (M 2 muscarinic) as well as for enkephalins or b-endorphin (m-opioid receptor). In contrast, GABA release from CCK-positive axon terminals can be efficiently controlled by endocannabinoids (predominantly 2-AG) through the CB 1 cannabinoid receptor and by autocrine GABA B receptors. Finally, estrogen may mobilize the vesicle clusters to the active zone upon activation of estrogen receptor-a located on the vesicle membranes within a third of the CCK-positive axon terminals. Note that axon terminals are enlarged for clarity, and their relative sizes are not in scale with the pyramidal cell body. (Artwork by Dr. Gá bor Nyíri.) presynaptic receptors reduces GABA release from axon terminals of the PV cells, which should profoundly interfere with gamma oscillations. No direct evidence exists for the effect of M 2 receptor activation due to the lack of selective agonists, but a study testing the effects of m opioid receptor activation suggests that this is indeed the case . Conversely, M 2 antagonists in charbachol-induced gamma enhance the power of the oscillation under some circumstances , as expected from a disinhibitory action on PV-positive axon terminals.
Why Get Rid of the Fine-Tuning but Not the Default Rhythm?
The most powerful forms of presynaptic inhibition of GABAergic transmission-e.g., by CB 1 cannabinoid or GABA B receptors-appear to selectively affect IPSCs elicited by the CCK-but not those by the PV-positive interneurons. These G i/o -coupled receptors inhibit GABA release from CCK basket cell terminals as a function of either postsynaptic (via endocannabinoid release from the postsynaptic cell) or presynaptic activity (by autoreceptor-mediated GABA action), but the reason why these modulatory effects are confined to the fine-tuning machinery and avoid the clockwork is still unknown. All available evidence indicates that cortical principal cells (granule cells in the dentate gyrus; pyramidal neurons in the CA3 and CA1 subfields of the hippocampus, layer II-III, and the majority of layer V-VI pyramidal neurons) are able to synthesize and release endocannabinoids and thereby regulate a select population of their incoming GABAergic input. The obvious questions are why and under what behavioral conditions do principal cells need to break free from this component of perisomatic inhibition, and what are the physiological signals that evoke postsynaptic endocannabinoid release? The functionally most interesting question is why only a subset of GABAergic synaptic signals, i.e., those derived from the CCK-containing interneurons, can be vetoed by endocannabinoid release?
An important finding that considerably advanced the understanding of the above questions is that firing of the PV-and the CCK-positive basket cells in the living animal is preferentially distributed into time windows that are shifted in phase relative to each other during the same rhythmic network activity pattern (Klausberger et al., 2003 . These experiments demonstrate that the two basket cell types fill different functional niches in the organization of cortical network activity. Spike timing has been studied during three EEG patterns: theta activity associated with exploratory behavior or paradoxical sleep, gamma oscillation nested in theta activity or during nontheta brain states, and sharp waves or high-frequency ripples that accompany slow-wave sleep and consummatory behavior. PV cells were shown to faithfully discharge during sharp waves at high frequency, whereas CCK cells were poorly and unpredictably recruited. Knowing that a large proportion of local principal cells discharge during sharp waves, particularly in the CA3 region (Buzsaki, 1986) , the consistent recruitment of PV cells into the population bursts provides further evidence that these interneurons are driven primarily by local pyramidal cells in CA3 and by Schaffer collaterals in a feed-forward manner in CA1. On the other hand, the inconsistent behavior of CCK cells may be explained by the fact that they receive only a third of the excitatory inputs compared to PV cells, and even that is partly of subcortical origin. During theta activity, both basket cell types fire during the peak of the extracellularly recorded theta waves, but the activity of CCK cells is shifted toward the ascending phase, whereas PV-positive basket cells fire preferentially during the descending phase (Klausberger et al., 2003 . The early firing of CCK cells relative to PV cells may be explained by the fact that they have long membrane time constants and do not seem to receive disynaptic inhibition following Schaffer collateral stimulation. These features result in a unique ability to summate excitatory input from several different sources (e.g., from sequentially activated CA3 pyramidal cells and/or entorhinal grid cells with different place fields and/or grids, respectively) within a relatively broad time window (Glickfeld and Scanziani, 2006) . On the other hand, as shown in the same study, CCK cells can be recruited only transiently by repetitive stimulation of the same afferents, while PV basket cells are able to fire throughout a long, high-frequency train of stimuli. Thus, although CCK cells may start firing first, e.g., already during the ascending phase of extracellularly recorded theta, their firing will quickly diminish, but PV basket cells will continue firing throughout the descending phase of the theta cycle, until silenced (together with other interneuron types) by GABAergic inhibition from the medial septal pacemaker cells. Importantly, CCK cells likely release CCK as well during the short train of action potentials they fire during the ascending phase. This may contribute to the subsequent recruitment of PV basket cells, as recent evidence suggests that CCK can massively enhance the firing of PV cells Karson et al., 2007) . However, the phase relationship of firing of various cell types can profoundly change with anesthesia. CCK cells might be particularly influenced by anesthetics, as they are among the major targets of subcortical pathways that play important roles in arousal, attention, motivation, and emotions. In contrast, drugs modifying local cortical inhibition or excitation (GABA or glutamate) interfere with the oscillations themselves, partly by changing the efficacy of inhibition mediated by the PV cells . Therefore, data about activity patterns of identified interneurons from unanesthetized animals are indispensable for any conclusions about their function in behaviorally relevant EEG patterns. Encouraging attempts have been made-cells with a phase relationship to hippocampal theta similar to CCK cells in the anesthetized preparation have been recorded in awake animals, but the identity of the recorded interneuron type could not yet be determined .
Until such data become available, some hypotheses based on indirect lines of evidence can be generated.
The possible functional role of an endocannabinoid-mediated downregulation of inhibition from CCK basket cells during theta oscillations has been proposed in our earlier review . We speculated that burst firing of hippocampal pyramidal cells (when entering their place fields; Harris et al., 2001) , in conjunction with cholinergic activation accompanying theta activity, create ideal conditions for endocannabinoid release. This will then reduce CCK basket cell-mediated IPSCs, whichtogether with an enhanced excitation-may allow these pyramids to fire at earlier and earlier phases of the theta cycle relative to the population, a phenomenon called phase precession (O'Keefe and Recce, 1993) . This way, the coding pyramidal cells can get rid of the entrainment, at least of the inhibition imposed on them by the CCK basket cells, and thereby dissociate their activity in time from the rest of the population, which could be functionally important from the point of temporal coding in cortical networks (Maurer and McNaughton, 2007) . When firing within the time windows of phase precession (i.e., when CCK cell-mediated inhibition is down and designated pyramidal cells are supposed to process specific, e.g., place field-related signals), the coding neurons should still be precisely synchronized. This is likely ensured via gamma oscillations generated by the ensemble activity of PV-containing basket cells that are not affected by endocannabinoids.
Gamma power increases with attention, selectively in space and time, suggesting that precise (2-3 ms) synchrony of coding neurons is of fundamental importance for cortical information processing (Jensen et al., 2007) . This synchrony may ensure that backpropagating action potentials in the postsynaptic neurons will coincide at a 2-3 ms precision with activity in the presynaptic cells, thereby allowing Hebbian potentiation of synaptic contacts between neurons that carry information at that particular moment. Subcortical pathways, and consequently their cortical targets, appear to play a major role in arousal and attention. CCK cells, as one of the effectors of subcortical fine-tuning, may contribute in multiple ways. The properties of inhibitory events generated by the CCK cell ensemble (e.g., IPSC frequency, amplitude, timeto-peak, decay time constant, release probability, asynchronous release), together with the characteristics of the resulting oscillatory activity, as well as the magnitude of its phase shift compared to the oscillation brought about by the clockwork (the PV cell network), may determine whether CCK cell activity will amplify or reduce gamma power by interference. Thus, when rhythmic CCK cell activity (even if quickly accomodating), or the release properties of their axons, is changed in whatever direction, the correspondence of the PV and CCK basket cell-mediated rhythms may suffer and produce impaired cognitive functions. On the other hand, the location of CCK (and CB 1 )-containing inhibitory synapses on target pyramidal cells may be consistent with another interpretation. Unlike PV basket cells, CCK cells innervate not only the somata, but also the dendritic tree of pyramidal neurons (Há jos et al., 2000; Cope et al., 2002; Pawelzik et al., 2002) and are therefore ideally suited to modulate active Na + and Ca 2+ conductances in the dendrites, thereby controlling the backpropagating action potentials necessary for associative LTP. Indeed, the cannabinoidmediated elimination of this inhibitory effect from the dendrites of hippocampal pyramidal cells can lower the threshold for LTP (Carlson et al., 2002) . However, CCK cells are definitely not the sole regulators of synaptic plasticity in the dendrites. A recent study demonstrates that bistratified cells are also tuned to gamma oscillations and may contribute to the synchronization of secondary dendritic branches (Tukker et al., 2007) .
Conclusions
Recent experimental data fully support the hypothesis of a functional dichotomy of perisomatic inhibition, i.e., the PV-and CCK-containing basket cells do seem to specialize for the control of rhythmic population synchrony versus mediating subcortical and local modulatory signals, respectively, required for cortical network activities. Pathology often provides important clues to function, as it happens also in the case of perisomatic inhibition. Epilepsy is known to be a disorder of abnormal rhythmic synchrony in cortical networks, and indeed, the PV-containing interneurons were shown to be critically involved (Cossart et al., 2005; Magloczky and Freund, 2005; Ogiwara et al., 2007) , unlike CCK-containing interneurons (Monory et al., 2006) . On the other hand, at least six different receptors that are implicated in anxiety (5-HT3, nicotinic a7 and a4, CB 1 , GABA A enriched in a2 subunit, estrogen a) converge onto the CCK-containing cells, but are absent or expressed at very low levels in PV cells (Freund, 2003) . Thus, the tight and well-balanced cooperation of the clockwork and the fine-tuning device is required for normal network operations related to cognitive functions of the cerebral cortex, and the underlying specific interneuron types may represent ideal drug targets for the pharmacotherapy of epilepsy and mood disorders.
